Introduction. Periodic patterns are universally found in the hard tissues of animals such as in bone, teeth and shells, just as there are annual rings in wood.')-8) The mechanism for the formation of such periodic structures has, however, not been established.
In the late 1930s, Okada first focused on these structural rhythms from the viewpoint of chronobiology. By developing a vital staining method for hard tissues using lead acetate, he demonstrated for the first time that the periodicity of the striation in the rabbit dentin was diurnal,9) and that the formation of the periodic pattern was closely related to various metabolic fluctuations in the animal body such as sleep and wakefulness, metabolic acidosis and alkalosis, or drug actions. ') In view of the diurnal layering found in dentin, a similar layering would be expected in bone. However, very little investigation along these lines have been conducted on bone, except for the first observation by Okada and Mimura on the diurnal lamellar bone formation,8) probably due to two reasons. First, the structure in bone reflects repetitive formation and resorption and therefore is relatively more complicated. Secondly, compared to dentin, the lamellar structure in bone is more difficult to observe because the periodic change is dependent on collagen fiber arrangement rather than the composition of the matrix or the mineral density as in dentin.
Using phase-contrast microscopy, for much clearer observations than previously, and by utilizing a slight modification of the above vital staining method, chronologic studies of lamination processes in all of the four types of lamellar bone were made.
Materials and methods. 1) Experimental animals. The experiment started with 24 male Wistar rats with a mean body weight of 124 g, 8 male Asiatic chipmunks (T amias sibiricus) with a mean body weight of 62 g, 6 male Japanese white rabbits with a mean body weight of 860 g and a male Beagle dog with a body weight of 11.3 kg. The animals were adapted for 2 wks to an environmental room equipped with an automatically timed 12h 12h light-dark illumination program (light on from 6 : 00 to 18: 00) at a temperature of 24±1°C and a relative humidity of 55±3%. They were fed standard laboratory chow (MF-2 for rats and chipmunks, GC-4 for rabbits, and DS for dog, Oriental Yeast Co., Ltd., Tokyo) and deionized water ad libitum.
2) Observation o f periodicity in the formation o f lamellar bone. In order to observe the periodicity in the lamellar bone formation, a vital staining method with lead salts originally developed by Okada and Mimura,°) The Pb mark is not lost by decalcification of specimens in contrast to the techniques using tetracyclines or other markers which are readily lost by decalcification.
The vital staining was performed as follows : A small amount of nitrilotriacetato lead (NTA-Pb, 0.3-0.5 mg Pb/100 g body weight) was subcutaneously injected into the animal. The injection was repeated at intervals of 2 to 11 days. After sacrificing the animal with a lethal dose of ether or pentobarbital, hard tissues including femur, tibia and mandibula were taken and fixed in Karnovski's solution. The tissues were next decalcified for 5-7 days in 0.2N HCl saturated with H2S gas to fix the Pb in the matrix as insoluble PbS. The decalcified tissues were embedded in gelatin and frozen sections of 6-8 µm were prepared using a cryostat.
The sections were then immersed in 0.1% HAuC14 to gild the brownish Pb lines until the desired intensity and color (purplish black) appeared. The sections were next fixed in 5 % Na2S2O3 and washed with water. All of the sections were mounted in glycerin jelly and observed using a phasecontrast microscope (Axiophoto, Carl Zeiss, West Germany). Chronologic analyses of lamellar bone formation were performed by counting the number of lamellae between the Pb lines.
3) Types o f bone examined. Four types of bone were observed : the endosteum (inner circumferential lamella) and the periosteum (outer circumferential lamella) of non-Haversian bone, and the primary and secondary lamellae of Haversian bone. The portion of bone with significantly vigorous one-way growth was selected for the observation.
Results. The number of lamellae that could be counted between the 2 Pb labeled lines was generally correspondent to the number of days between the NTA-Pb injections.
Representative examples are shown in the following figures. Fig. 1 shows the inner circumferential lamella in a cross section of rat femur diaphysis.
In this case, NTA-Pb was injected twice at an 11-day interval. Eleven lamellae were counted between the 2 Pb lines. Fig. 2 shows the outer circumferential lamella in a cross section of femur diaphysis in an Asiatic chipmunk.
NTA-Pb was injected 5 times at 7 dayintervals. In each area between 2 neighbouring Pb lines, 7 malellae were observed. Fig. 3 shows the primary Haversian lamella in a cross section of mandibula in a rabbit. Seven striations were seen between the 2 Pb lines injected at a 7 day-interval. Fig. 4 shows the secondary Harversian lamella in a cortical bone of femur diaphysis in a dog. NTA-Pb was injected 4 times at 10 day-intervals.
In the area between the 1st and 2nd, and the 2nd and 3rd Pb lines, 10 lamellae were observed. In this figure, however, only 5 lamellae could be counted between the 3rd and 4th Pb lines although the injections were made at a 10 day-interval. For the Haversian lamellae in the dog, the number of lamellae between 2 Pb lines were often less than the number of days between injections.
However, the number of lamellae never exceeded the number of days between the injections.
Discussions. The number of lamellae correspondent to the number of days between injections was always found in bone where growth was vigorous. This indicates that the lamellar bone is formed by the functioning of osteoblasts in a diurnal rhythm.
In bone where growth was not vigorous, however, the number of lamellae between the 2 labeled lines was found to be less than the number of days between injections (Fig. 4) . The osteoblastic function appears to sometimes stop or rest. 
